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ABSTRACT -

The purpose of *his study was to design a unit 22
.. percent for adult remedial students based on the principles of
Piaget's theory and to evaluate the 2£ffectiveness of the unit as a
zeans of iamproving one characteristic of formal operations, the

ability to use porportion. The subjects consisted of 89 underg:aiuaté

rem2iial pathepatics students at a branch of the City University of
New York. Results indicate that *here seems to be a relationship .

' between learning percent and improving the ability to use
proportions. Moreover, it woulld seem that an instructional unit can
be developed which implements some of the heuristic principles >f
Piaget's theory and which simultaneously improves one characteristiz
of formal operaticons and develops basic mathematical principles. In
addition, it appears that Piaget's theory can be successfully applieil
t> the instruction of 2dul® remedial students and that this thedry
can ba iagplemented in an actual ciassroom situation involving
inastructors of remedial mathematics courses. (Autho:/uxi
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IMPROVING ONE CHARACTERISTIC OF FORMAL OPERATIONS
IN ADULT REMEDIAL STUDENTS THROUGH A PIAGET (AN ORIENTED
INSTRUCTIONAL UNIT ON PERCENT

Gabriella Wepner, Ph.D.
Ramapo College of New Jersey

A3

hj . , Paper presented at the annual meeting of the Interdisciplinary -
h3 International Conference, Los Angeles, California,
Q) February 1-2, 1980.




Plaget's work represents a comprehensive study of the evolution of
thinking In children and adolescents. His theory of intellectual develcp-
ment describes the progressive conéiructfon;ef operational structures from

birth to maturity, where the highest levels of logical thinking are

characteristic of the formal operations pericd. in order for an individ-

ual to have reached this stage, he must have.passed through the previous
phases of logical thinking in his development. _Thus,’PIaget's";hacry of
intelligence may be considered a model for the development of the intelli-

gent human adult. However, certain stud!es.(Abércombie,.%SSD; McKinnen

“and Rénner, 1971, 1974; Griffiths, 1974; Ggriffiths, 1973) have suggested

that many adults do not reach the formal operations level, Moreover,
research has offered relatively little in terms of how to nurture and
enhance a person's ability to use formal logical thinking skills, Piaget
himself does not,pfovide a systematic application of his thecry to educa-
tion and despite :he huge amount of Piagiaﬁian-re}ated research énd the
outstanding progress made in developing a framework of genetic epistomology
based on his theory, a great deal more work Is needed in terms of classroom

applications of Piaget's theory at the adolescent and adult levels (Van

Engen, 1971).

Much of Piaget's research has involved the study of the development

of mathematical concepts. Since his theory seeks to explain how mental

operations basic to mathematical thought develop, mathematiéians and
mathematics educators are especially interested in his work. Many studies
concerning the mathematicil development of young children have been con-
ducted, but relatively little work has been done for secondary school

youths or adults (Dessart and Frandsen, 1974), even though the logical

3




| 2. .

skiils of Ehc'formal operations period can be correlated with the basic
mavaematical competencies asséciated with secondary school an& remedial_.-
mathematics curricula, 'Fdr ex%mp!e,‘the ability‘to cperate with oﬁera-
tions and to form relations with relations are involved in mathematical
prapqr;ionatity and other re%atgd prnﬁlems. The mastery of percent
involves the ability to use and understand proportions, a loglcal think-
fng skill. Moreover, Piaget's group of féuf.operattons or the SNRC'
group (identity, negation, reciprocal,. correlate) occurs in all problems
of proportionality. However, the results of the 1973 National Assegsment
of Educaticnal Progress (NAEP) In Mathematics found that students per-
farmed badly in exercises about or using percent. The most recent finding |
of the-National Assessment of Education Progress (NAEP) indicated a |
continued d!fficfdncy in problem solving and other skills applications.
Thus, there appears to be a clearly defined need to improve logical |
thinking skills on‘the part of adolescents and young adults. Moreover,
tﬁe rise in the need for remedial mathematfcs‘courses in colleges across
the country indicates further a need to imprové mathematical competencies
and logical thinking skills on the part of adults.

Data géthgred from diverse Plagetian training studies have shown
" that an improvement in performance may be expected where training is
provided for those who would be near a particular stage of developm;ﬁt
(Bellin, 1871). Since adults should be at or near the formal operations
level, training should lead to an improvement cf a formal operatlons
characteristic, Thus, glven the correlation between the logical skiils of
the formal operations period and mathematical competencies, especially

In terms of the relationship of percent to proportions, it would seem
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possible fo incarpofate into an instrucgteeal unit the development of
the ability to work with percent and the imprevemenfaf a logical
thinking ski!}. ]

Although the attention directed te;ards Piaget's theory has been in
terms of the development of cognftive processes in children, the theory,
nevertheless, is an expianation of the predecessors of adult knowledge.
Within this context, all individuals must pass through the same sequence
of stages of development in order to achieve the characteristics
identifying the final period of development, formal operations, or adult
levels of logical thtnking.v Since the theory is exp!ic!t{y developmental,
its principles would seem appiicable to an instructional unit for adults
geered toward the Smprnvement of a logical thinking skill as well as the

mastery of certain mathematical concepts.

Statement of the Problem

The purpose of this study was to design a unit on percent for adult
remedial students based on the principles of Plaget's theory and to
evaluate the effectiveness of the Unit as a means of Improving one charac-
teristic of formal operations, the ability to use proportion.

More specifically, the investigator sought to answer the‘faltowing
questiens;

1. Did significant differences exist between the experimental and

control groups in the mastery of the cognitive objectives generally

prescribed for 2 unit on percent for adult remedial maghematics
students as measured by the scores on the Unit tests? |

2. Did significant differences exist between the experimential and

control groups in the ability to use proportions as measured by |

the scores on pretest and posttest on proportions?

5]
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SUBJECTS, MATERIALS AND PROCEDURES
Subjects |

The subjects for this study consisted of 85 undergraduate remedial
mathematics students at a hranch of the City uﬁlvers!ty of New York. The
majority of students were freshmen, 20-24 years of age, enfc!!ed_in the
first undergraduate remedial mathematics course offered Sy the mathematics
department of the college., The course was a one credt:.course,'meeting_
five hours per week for approximately fifteen weeks, designed fof entering
college students who had been determined by the college to be in n@ed of
mathematics remediation. Criteria for this determination was: ¢

1. they had not completed c}eméntary algebra in high school; or

2. ‘they had been out of high school for a considerable length

ofltime and voluntarily elected to begin with that course; or

3. they had completed elementary a!gebra‘fn high school bﬁt went

back to this course after doing poorly in a more advanced course.:

Six sections of the course.with a total registration of 123 students
constituted the sample for the study. Three sections served as the experi-
mental group. The segt!éns of this group were determined by the jnstructersﬂ
willingness to participate in the experiment. The control group-consfsted
of three other;?andomly selected sections of the course. Of the initial,
123 stddents in the sampie,89 were actually used by'the fnvest!gator as
subjects for the study. Only students who had taken both the pretests and
posttests and who were not absent for more than one clacs sessian on percent
were included in the final group. Thus, there were k8.students in the final

experimental group and 41 students in the final control group.
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‘Materials |
‘The materials used in this study were: the Unit on Percent, the
Unit test and pretest on percent and the pretest and posttest on the
ability to use proportions,
tnit 0; Percégt

Th34Untt on Percent developed by the investigator consisted of five
sections: a general revieu\offftaget‘s th?ory in relation to formal
operations; proportionality and the iNRC group; explication of Plaget's
theory In relation to the specific techniques developed for teaching
percent; a Teacher's Guide; and student worksheets. The Unft én Percent
was specifically designed not only to provide teachers with an instruc-
tional guide but also to provide an explanation of the theoretical
principles involved In the Unit's development of the concept of percent.
The student worksheets, devised by the investigator, were intended to
help students in the experimental group revié& the ideas presented in ‘
each section of the instructional unit.

In order to develop the Unit,lthe investigator conducted an extensive
review of the literature concerning Piaget's theory and its applications |
to teaching as well as a review of availabhle remedial mathematics curric-
ulum, Based on this review, the techniques employed in teaching the
concept of percent involved: a sequential deﬁeiopment beginning with
concrete ideas defined through examples; the use oQ initial probiems
which requlired students to raise questions or predict outcomes and inter-
act with one another and the teacher; an explanation, presented by the
.teacher,of the reasoning employed In examining evidence‘présented by

problems and in considering alternative strategies for their solution,

\I
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A distinguishing characteristic of the instructional unit was the Initial

use of one-to-one correspondence, In terms of the part to whole relation-

ships, to solve specific percent problems and introduce the use of

proporticns. In addition, since reseérch (Abramowltz, 1975) has sgggested
that success on ?roportional!ty tasks are correlated to an understanding
of fractions, the Unit on Percent included a detailed analysis of equal
fractions, thus enabling é:udents to better understand and use propor-
tions in solving percent problems. |

The Unit was subjected to initial trial énd evaluation by means of
a ptlot'study. In addition, after the pilot study, the Unit was sent
to a Jury of Exﬁerts..cencerning the content and validation of the uUnit.
Glven the nature of the Unit, the fndivtduai's evaluating the materials

had to be knowledgable in Plaget's theory, mathematics, remedial math-

" ematics for adults, and mathematics education. Since a single ind!v!éual

cannot be thoroughly informed In all these areas, the Jury of Experts‘hgs

_ chosen by the investigator so that each individual had expertise in at

least two of the areas cited. |n order to faciiitate the task of the
Jury of Experts, a questionnaire was prepared by the investigator. All

of the responses received validated the Unit. . ;J”

Pretests and Posttests

The Unit test was a comprehensive‘test on percent designed by the -
Investigator to measure the cognitive objectives generally prescribed
for a Unit on Percent for adult remedial students. An analagous form
of the Unit test constituted fhe pretest on percent. The pretest énd
postfést on the ability to use proportfcn; was a revised version of the

tests developed by Lovell and Butterworth (1966) concerning the ablliity
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to handle metric proportions. Written pcr&:issten from Dr. Lovell for this | ‘
revision and his evaluation of the rcvisi&;prctcst,ané posttest ware
obtained. These tests were also validated by the Jury of Experts.

The rel!ability of the testing Instrumnnt* were found using the split-
ha!f method. (r(75) = .94, p<.01 for the tests on percent and r(75) = .57,
p <.01 for the tests on proportion.) |

Procedures | ‘

The procedures utiilzed in this study Involved a pilot s'udy. a field

experiment and a statistical anatyszs. |

Pilot Study

In order to subject the Unit on Percent and the testing instruments
to Initial trial and evaluation, a pilot study was conducted by the investi-
gator at a branch of the City University of New York. The subjects used
for the pilot study were 20 undergraduate students in an elementary mathe-
matics education'class. These students had been teste& in basic mathematical
skiits_by the instructor of the class and had been found to be In need of
mathematics remediation especially In the area of percent.

The resuits of the pilot study supported the effectiveness of the Unit
on Percent in terms of the mastery of percent and the improvement of the
abiiity to use proportions. This inltial trial also suggest;d some re-
visions In the Teacher's Guide and student worksheets wﬁich(were incorpor-

ated into the final Unlit on Percent.

Fleld Experiment

M |
4 The final validated Unit on Percent was tested in three sections of

the first.remedtal mathematics course offered at a branch of the City

University of New York. All instructors of the course were informed by
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the invcstlgaiqr of the nature and purpose of the cxpsrimlnt.' fhflc
Instructors were willing to implement the Unit on Psrcent developed by
the investigator in their classrcoms. The classes of these instruc;ers
constituted the experimental éroup'fcr this investigation. After the
experimenta!l classes were chosen, three other sections of ths courss

were randém!y selected from those sections of the course whose Instructors
did not wish to t&ach the Unit on Percent developed by the investigator.
These three classes constituted the control group for this study.

All the cf&sses in the experimental group met in the morning. Two
classes In the control group met in the morning and one in the afternoen.
The instructors of the experimental - classes consisted of one female and
two male teachers, 23 to 27 years of age. Two of the instructors had
taught the course more than once and each had at least ane yvear of teaching
experience on the college level. The instructors of thé control group
were all males, 25 to 38 vears of age. Two of the instrucfcrs had taught

the course more than once and each had at least two years of teaching

- experience on the college level.

The instructoks of the experimental classes_attended teacher tralning

sessions conducted by the investigator once a week for three weeks prior

to the beginning of classes. Prior to the first training session, these

teachers were provided with the Unit on percent. The teacher-training
sessions were intended to acquiint the instructors with the theoretical
framework of the Unit and to explain and demonstrate the implementation
of the teacher's guide. The Instructors also demonstrated the lessons in
the Unit by means of classroom simulations so as to maintain as !itt!e‘

variation as possible in the actual instruction of the Unit by the teachers.

10
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At the last traln!ng sossion.nach cxp:rimcn:at !ns:ructer was g!vcn

 sufficlent coples of the pretast and Posttest on percent, pretest and post-

test on the ability to use propert!an;. and each of the four student work-

sheets, The procedures for administcring these tests were explained and
any final quest!ons ware ansuarnd At the same time, aach instructor of
the control classes rgceived sufficient copies of the pretest énd:pos:test
on percent and the pretest and posttest on the abllity to use proportions
alony with a written explanation of the administration of these tests.

- 'The Unft on Percent developed by the investigator wa;'fmp!ementedftn .
the experimental classes duriﬁg the same week that the control classes
were beginning thg Unit on Percent as presented in the course curriculum.
The instructors of both the experimental and control classes devoted five
class lectures to instruction in the Unit on‘Parcant with their classes.

{in the experimenfat classes, student worksheets were distributed as
homework assignments to the students at the end of each lecture, which
completed the lessons in the teacher's guide. Part of each subsequent
lecture was devoted to ;nswertng student questions concerning problems on
the worksheet.

The inﬁestlgator observed two cias; sessions of each experimental
and control class during. the Impiementation of the unit én’Percent, Glven
the differences in the scheduling of classes, both groups appeared to pro-
ceed at the same pace. The observed experimental class sessions were
“adhering to the teacher's quide developed by the investigator. The ynit
on Percent for both the experimental and control groups was completed {

} _
within the same week.
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of three parts 1) comparison of pretest scores for exgarimentat and

~ control gfoup 2) comparison of posttest scores for the experimental and

%
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The pretest on parcent and the ability td use proportions was admin-

1stered to both the sxperimental and centrol‘sreups at the ciass stssfénf'

immediately preceeding the instruction of the Unit on Percent. Each test
took 25 minutes to admtn!ster. . The experimental and control grnupshtéhk
the posttest on percent and the ability to use proportions during the

class session immediately following completion of the instruction of the
Unit on Pcrccnt: Each test took 25 minutes to administer. The investigator
hand scored the pretests and posttests of the experimental! and contro!l
groups according to the number of items answered corractly on each test,

Statistical Procedures

The statistical procedures utilized in this Investigation consisted

control groups and 3) compariéen of pretest and posttests scores for the
experimental and control groups, respoctively, : | »

The pretest scores on pérceﬁt and the «bility to use prpporticnskwere
compared by means of the independent t-test. This comparison of pretest
scores was mad . to assure that the experimental and control samples repre-
sented the same population féf each measure,

in order to determine if significant differences éxis:ed between the
experimental and control groups in the ability to use proportions and in
the mastery of percent, the posttest scores on percent and the ability to
use proportions were compared by means of the indspendent t-test.

The pretest and posttest scores on percent and the ability to use
proportions iIn ihe experimental and-controt groups respectively were com-

pared by a correlated data t-test in order to determine in which direction

4
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the changc Int;ccrec occured in each grcuc. The correlated datc.gytcst':s
the analagous form of the analysis of covariance for two groups which is
the statistical method suggestec by Compbell and Stanley (1968, p.4S) fcr

a mcdffied Solomon's design, the research design used for this study.

Dr. Fred Streit, v;stt!ng professcr for research at Rutgers University,.
was ‘consul ted concerning the most appropriate method of stat!sttcal ;natysis
for this study. Upon his advise the statistscal procedures as previously
stated were adcptcd by the snvestisatcr. The actual data analysis was also’
pcrfcrmed by Dr. Streit. ' ‘.‘ o - - S

2

Results and Discussion
Results g .
Comparison of pretest cccres\?n percent and the ability tc use propor-
tions using the fndcpcndent.g-test\chcwed the group means for the expcrimcntai -
and control groups not to be signtficant,:g(SS) = ,013; t(89) = ,077, p&.Ol..
The experimental acd control groups were therefore dctarmzped to be compar-
able on these two measures. ' ( | B ¢
Comparison of posttest scores cn percent using the independent t-test
showed significant differences between the experimental and control groups
at the .001 level of confidence (t(89) = 4.08, pc .001). These determined
differences favoced the experimental group. it was therefore determined
that the experimental group who used the Unit on Percent develoned by the
Invcctigator scored higher on the posttest on percent than did the control
group. The same comparison of posttest scores on the ability co use pro-
porctcns showed significant differences between the experimental and control

graups'at the ,004 level of confidence (£(89) = 2.93, p ¢.004). These

differences again favored the experimental group. It was therefore concluded
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. that the cxperimanta! group scored highar en the posttest on the abtlity

to use prcportians than did the control group. \

Since the comparison of posttest scores on percent a;d the ability to
use proportions between the experimental ang contro! groups indicated
significant differances, the comparison of pretest and pas:%esg scores
on the two measure, for each group, experimental and control, was made to
determine the direction in which the change had occurred {n each grouﬁ.
fhe pretest and posttes:.scores for the experimental group on percent and
the ability to use proportions, respectively, were compared by means of
the t-test for correlated data. The investigator determined that there
were significant differences between pretest and posttest scores (_(89)- o
12.156, pl» 001; t(89) = 7.887, p &.001). These differences favored the

posttest scores, The investigater therefore concluded that the experimental

group scored significantly higher on the posttest on percent and the ability

" to use proportions than this group had scored on the pretests of these

-measures, Usshg the same analys:s for the control! group, significant

differences were found between the pretest and posttest scores (t(89)=9.004,
p<£.001; £(89)=4. 421, pea.001), Again, the differences favcred the post-.

test sccres. The Investigatoritherefpre,conctuded that”the.central group

“scored significantly higher on the posttest on percent and the ability to

 use proportions than this group had scored on the pretests of these measures.

The cam{arison of posttest scores between the experimental and control groups,
however, Indicated that the experimental group showed a's!gntficantly greater
gain from pretest to posttest than did the controi group.

Conc!usfons -

-

On the basis of the findings, the following conclusions were made by the

investigator:

-y




1. The experimental group using the Unit on Percent scored signifi-
kéaqt!y higher than the control group on the posttest on perceﬁt. - a
2, The experimental group using th§ Unit on Percent scored signifi- o
cantly higﬁer.:han the control group on the posttest on the abilfity
to use proportions. - | | -

éBIscuss!on |

The study has all thé,tfm!tations attendant upon vé!upteer instructors
‘and the lack of absolute control of all extranecus variables. Nonetheless,
glven the limitations of the study there would seem to be a relationship
between learning percent and {mproving the abliity to use proporgtons.-
Moreover, 1t would seem that an instructional unit can bg deveioped which
implements some of the heuristic principles of Plaget's theory and which
simultanecusly improves one characteristic of formal operations and dgve!ops

basic mathematical principles. In addition, it appears that Piaget's

- theory can be successfully applied to the mathematics instruction of adult

remedial stu&gn;s and that this theory can be implemented in an actual

classroom situatlion involving Instructors of remedial mathematics courses. .
Significance is indicated as the study addresses several areas of

concern. A review of the literature shows little evidence that any theoret-

ical framework or learning theory has been considered as a basis for develop~

ing alternative teaching techniques for adult remedial students even though

remedial mathematics has become a necessary componént of high school and

college curricu!a.‘ Research also offers very littie iﬁ terms of ways to

nurture and enhance a person's abllity to.use fomal logicattthinkfng skills,

while the most recent results of the National Assessment of Educational -

Progress In Mathematics clearly indicates the need to improve such skiflls.
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